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Summary
Objective spa-typing of methicillin-resistant Staphylococcus aureus (MRSA) has been widely used in clinical diagnostics and epidemiological studies. We aimed to evaluate high-resolution melting (HRM) as a rapid and cost effective method, to replace DNA-sequencing, for spatyping in a global collection of 50 MRSA isolates.
Methods
The polymorphic X region of spa gene was amplified by colony PCR using SensiMix™ HRM kit and melting temperature (Tm) and melting curves of the amplicons was analyzed in close tubes using a Rotor-Gene 6000 instrument.
Results
Fifteen out of nineteen spa-types each had distinct Tm, which was sufficient to unambiguously type each of these spa-types. The remaining 4 spa-types cannot be separated by Tm alone: t008 and t2770 shared Tm (80.  spa-types with shared Tm can be distinguished by the shapes of the melting curve, which requires expertise training.
 There are discrepancies in Tm values for a few spa-types from 3 studies in 3 independent laboratories, which highlight the need for optimization and standardization for cross reference.
Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) remains to be a major cause of infections in community and healthcare settings that imposes significant threat to the public health (1, 2). Molecular typing methods are vital in rapidly identification of the prevalent strains which is important for active surveillance and controlling the spread of the disease.
The polymorphic region of the gene encoding staphylococcal protein A (spa) has been found to be highly discriminatory that is useful in investigating both the local and global epidemiology of S. aureus (3) (4) (5) (6) (7) (8) (9) . The complexity and high running cost of PCR-sequencing have limited to perform in developing countries (10) . Recently, high-resolution melting (HRM) based spa-typing has been described as a rapid and cost effective method for genotyping locally predominant isolates (10, 11) . To test the accuracy and reliability of HRM based spa-typing, we have analyzed a global collection of 50 MRSA isolates and demonstrated that HRM can accurately spa-type majority of these isolates.
Material and Methods

MRSA isolates
We randomly selected 50 clinical MRSA isolates from Scotland (n=22), Brazil (n=13), Sudan (n=3) and Saudi Arabia (n=12) between 2005 and 2012. All isolates were cultured and identified as Staphylococcus aureus as described previously (12) . Methicillin resistance phenotype was confirmed according to the British Society for Antimicrobial Chemotherapy (BSAC) standards using Vitek2 system (Biomerieux, USA). An isolate was considered as methicillin resistance when the minimal inhibitory concentration (MIC) breakpoint of oxacilin is > 2 mg/L and cefoxitin > 4 mg/L (13). M a n u s c r i p t 6 
DNA-sequencing for spa-typing
The polymorphic regions of the spa gene were amplified and sequenced for all isolates, as previously described (5, 14) . The sequence data were analyzed using spa-typing plugin in BioNumerics v.5.1 (Applied Maths).
HRM analysis for spa-typing
The polymorphic X region of spa gene was amplified in a Rotor-Gene 6000 instrument (Qiagen) by colony PCR using SensiMix™ HRM kit (Bioline) as previously described by 
Results and Discussion
By use of DNA-sequencing and spa-typing plugin in BioNumerics, 19 spa-types were identified among the 50 isolates. The spa-type t037 was the major spa-type that was prevalent among Brazilian (12/13 isolates) and Sudanese isolates (3/3 isolates). Scottish and Saudi
Arabian isolates were quite diverse; eight spa-types were observed among 22 isolates from Scotland and 9 spa-types among 12 isolates from Saudi Arabia ( Fig. 1 ). The melting curve A c c e p t e d M a n u s c r i p t 7 within a spa-type was highly homogenous. However, despite the difference in the GC content between t008 and t2770 (43.7 mol% and 41.5 mol%, respectively), these spa-types shared the same Tm (80.3°C; Fig. 2A) . Similarly, t021 and t311 could not be separated from each other; they shared a Tm of 80.70°C probably due to the fact that they have same 44.9 mol% of the GC content (Fig. 2B) . These results are in agreement with Stephens et al. (11) where two spatypes could not be separated from each other, based on their Tm. It has been suggested that shapes of the melting curves are also important in determining the spa-types (11, 15, 16) and we have also noticed minor variations in the shapes of melting curves between t008 & t2770, and t021 & t311 ( Fig. 2A and B) . These variations in the shape of melting curves were reproducible but a bit complex for un-experienced users to confidently predict the correct spatypes which highlights the challenge in optimizing HRM based spa-typing for the growing number of spa-types of MRSA.
We also noticed some discrepancies in the Tm values between this study and previous investigations by Chen, et al and Stephens et al, (10, 11) ; ( M a n u s c r i p t 8 were observed for additional spa-types (Table 2) . Therefore, different instruments and reagents (dye in the reaction mix) may result in discrepancies in the Tm values of a spa-type.
Taken all together, we conclude that HRM-Spa typing is useful due to its reproducibility, simplicity, rapid and low cost. Standadization is needed for laboratory screening of
Staphylococcus aureus spa-typing globally. For extension of its application to all spa-types and cross references among laboratories worldwide, it is necessary to standardize and optimize the experimental conditions in each of the laboratories.
Acknowledgement
We thank Ian Gould, Wanderley Dias da Silveira Musab Makram Nour Alla Eltigani, Reda
Kahn and Abdullah Asseeri for kindly supplying the MRSA strains. Waleed Mazi is supported by Royal Saudi Arabia Scholarship.
Conflict of interest
We wish to confirm that there are no known conflicts of interest associated with this publication and there has been no significant financial support for this work that could have influenced its outcome.
M a n u s c r i p t 10 M a n u s c r i p t 
